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Geometric Localization of CMEs

Using COR2 Beacon Data

Curt A. de Koning, Vic Pizzo, Doug Biesecker
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There is a need within the space weather community for a means

to determine quickly and accurately the gross properties of Earth-

directed CMEs. There is specific need for a near-real-time forecasting

tool that can routinely and confidently be applied to the data stream

from the STEREO Space Weather Beacon. Simplicity, robustness,

and ease of use would be an issue, since the CME locater algorithm

would have to run in automated or nearly automated mode within a

forecast center.

Pizzo and Biesecker [2004] have developed a straightforward

geometric localization methodology that meets the above re-

quirements.
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spherical shell running between 1 RS and a specif ied o uter
bo und ary , ly ing ty pically at 10 – 20 RS. T he Guhathakurtha
e t al . [19 9 6 ] tilted - d ipo le m o d el pro v id es the back gro und
co ro nal d ensity d istributio n. T he tilt and o rientatio n o f the
m o d el current sheet structure are ad j ustable v ia param eters.
[10 ] C M E s are m o d eled as sim ple, ad ho c, teard ro p-

shaped d ensity co nf iguratio ns d eriv ed f ro m co sine- based
ex pressio ns. D ensity d istributio ns f o r the C M E are specif ied
in term s o f a stream line f unctio n y, which is a f unctio n o f
d istance f ro m the o rigin, r, the angle f ro m the m o d el C M E
ax is, z, and a f acto r co ntro lling the C M E shape, p:

y r; zð Þ ¼ 1=rð Þ � co s p=2ð Þ 2zð Þ ð1Þ

[11] T he spatial co nf iguratio ns o f surf aces o f co nstant y
f o r sev eral ( p, r) co m binatio ns are sho wn in F igure 2. T he
v alues o f y are inv ersely related to the m ax im um ax ial
ex tensio n o f the C M E co nf iguratio n, whereas the angular
wid th is a f unctio n o f p . H ence it is po ssible to d ef ine
a d ense shell C M E by specif y ing p, id entif y ing y o uter =
1/ r o uter and yinner = 1/ rinner, and then setting all po ints ly ing
within the shell ( yo uter < y < yinner) to so m e specif ied
d ensity . A ll po ints interio r to yinner are set to so m e lo w
v alue to sim ulate the C M E cav ity . I n this im plem entatio n,
the C M E d ensity is f ix ed by specif y ing at each includ ed
grid po int the ratio to a ref erence d ensity pro f ile, which
is giv en as a f unctio n o f y and helio centric d istance. A lso ,
by specif y ing p as a f unctio n o f angle abo ut the C M E ax is,
the C M E cro ss- sectio n can be elo ngated in so m e cho sen
d irectio n relativ e to the so lar eq uato r.
[12 ] F inally , the m o d el C M E co nf iguratio n is em bed d ed

into the grid d ed co ro nal d ensity structure by replacing
all lo cal am bient v alues with the m o d el C M E v alues.
D y nam ical interactio ns between the C M E and the am bient
co ro na are thus ex plicitly neglected .

2.3. Synthetic White Light Imagery

[13 ] W e hav e set up an L O S integratio n based upo n
the B i l l i n g s [19 6 6 ] f o rm ulatio n f o r co ro nal scattering, as

articulated by H un d haus e n [19 9 3 ] . T he co ro nal d ensity at
each d iscrete po int alo ng an L O S is linearly interpo lated
( in the lo g) f ro m the grid d ed d ensity d istributio n. T he lim b-
d ark ening f unctio n u is assum ed to be 0 . 5 . A d eq uate
spatial reso lutio n alo ng each L O S is v erif ied to assure
accurate calculatio n o f bo th tangential and rad ial po lariz a-
tio n co m po nents.

3. G eo metric Lo cal iz atio n

[14 ] T he geo m etric lo caliz atio n techniq ue as d escribed
belo w currently req uires m anual o peratio n, but the po ssi-

F igu re 1 . Schem atic o f the link ed Sun ( ‘ ‘ H C ’ ’ )- and E arth ( ‘ ‘ E ’ ’ )- centered co o rd inate sy stem s used in the analy sis.
Relativ e tilts o f the so lar and ecliptic po lar ax es are neglected . T he lines- o f - sight ( L A 1 , L A 2 , etc. ) are tangent to the
respectiv e ed ges o f the C M E , as seen by each spacecraf t, and all f o ur in each set lie in a co m m o n plane.

F igu re 2. I llustratio n o f m o d el C M E co nf iguratio ns, f o r
v ario us v alues o f the param eters p and r in eq uatio n ( 1).
Surf aces o f co nstant y are sho wn f o r sev eral ( p, r)
co m binatio ns, includ ing [( 3 . , 2. 5 ), d o tted ] ; [( 1. , 2. 5 ), light
so lid ] ; [( 1. , 3 . 0 ), d ark so lid ] ; and [( 5 . , 3 . 0 ), d ashed ] . F o r p =
c o n s t, the shape is ro tatio nally sy m m etric abo ut the x - ax is.
So lar d isk is ind icated at lef t. T he d ensity enhancem ent ( o r
d ecrem ent) in the C M E is d ef ined in term s o f y and
helio centric d istance. F o r ex am ple, the heav y so lid line can
be tak en to co rrespo nd to y o uter in the tex t, and the thin so lid
line to yinner ; by enhancing the d ensity between these two
surf aces, a co m pressiv e C M E shell structure can be
sim ulated .

L21 8 0 2 P I Z Z O A N D B I E SE C K E R: ST E RE O C M E G E O M E T RI C L O C A L I Z A T I O N L21 8 0 2

2 o f 5

Schematic diagram showing geometry used to localize CMEs
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COR2 Observations from 21 August 2007
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Position of STEREO-A, STEREO-B, and Earth on 2007-08-21

A E B
Heliocentric radius (AU) 0.9576 1.0117 1.0847
Heliographic (HEEQ) longitude 15.030 0.000 -11.420
Heliographic (HEEQ) latitude 7.339 6.896 6.215
Separation angle with Earth 14.920 11.366
Separation angle A with B 26.286
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ST-A

07:07:30

2007-08-21
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ST-A

07:37:30

2007-08-21
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ST-A

08:07:30

2007-08-21
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ST-A

08:37:30

2007-08-21
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ST-A

09:07:30

2007-08-21
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ST-A

09:37:30

2007-08-21
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ST-A

10:07:30

2007-08-21
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ST-A

10:37:30

2007-08-21
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ST-A

11:07:30

2007-08-21
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ST-A

11:37:30

2007-08-21
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ST-A

12:07:30

2007-08-21
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ST-A

12:37:30

2007-08-21
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ST-A

13:07:30

2007-08-21
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ST-A

13:37:30

2007-08-21
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ST-A

14:07:30

2007-08-21
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ST-A

14:37:30

2007-08-21
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ST-A

15:07:30

2007-08-21
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ST-A

15:37:30

2007-08-21
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To replay movie, poke Opus in the eye
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Spacecraft First CME Image Last CME Image

STEREO-A 0707 1537
STEREO-B 1008† 1538

† Initial CME identification at STEREO-B significantly later

than at STEREO-A because of “feature”/defect in STEREO-B

coronagraph
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Example

ST-A

13:37:30

2007-08-21 ST-B

13:38:33

2007-08-21
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Example

ST-A

13:37:30

2007-08-21 ST-B

13:38:33

2007-08-21



1

C
u

rt
A

.
d

e
K

o
n

in
g

Geometric Localization

Example

view lon=+  0 view lat=+  0FRONT

2007-08-21   13:37:30

view lon=+  0 view lat=+ 90TOP

2007-08-21   13:37:30
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Resultant velocity of 21 August 2007 CME

CME speed 257± 29 km·s−1.

CME latitude 7◦ ± 3◦ S

CME longitude 124◦ ± 9◦W
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Possible Source
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Possible source observed on 15 August 2007
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NOAA AR 10968

I observed for only 2 days

I small region

I 3 sunspots first day

I 4 sunspots second day

Observed Location

14 Aug: (N03, W33)

15 Aug: (N05, W37)

Projected Location

21 Aug: (N05, W116)
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Alternatively . . .

I active region responsible for CME may have formed on far side of

Sun

I projected appearance of far-side active region on eastern limb is

31 Aug–2 Sep
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Alternatively . . .

I active region responsible for CME may have formed on far side of

Sun

I projected appearance of far-side active region on eastern limb is

31 Aug–2 Sep

However, nothing was observed in the days following 31 Aug
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Additional Activity
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To replay movie, poke Opus in the eye
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EUVI 304 Å observations

This bandpass is sensitive to the He II singly ionized state of helium,

at a characteristic temperature of about 8× 104 K

I loop slowly started rising between 0300–0400

I loop clearly expanding between 0400–0500

I loop appears to lift-off from Sun at 0636

ICME may be He rich
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To replay movie, poke Opus in the eye
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Conclusions

I first application of geometric localization technique to STEREO

data

I Velocity of 21 August 2007 CME is

Vr = 257± 29 km·s−1.

Vθ = 7◦ ± 3◦ S

Vφ = 124◦ ± 9◦W

I for 26◦ separation of spacecraft, repeated application of

technique yields reasonable errors
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Future Work

I include heliographic latitude of spacecraft in geometric localization

analysis of CMEs

I apply polarization analysis alongside geometric localization tech-

nique

I compare geometric localization results with other reconstruction

techniques

I more events!!!


